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[nN«fi] swsfehtc. ^siifljs^w-rs^- 

X. 

uzbtcitt, mit^mi&m* 1 5 0 •cjii±rs»ffla«:tf ^ 
[ it*^ 2 ] mzft^MMmommmmx & z, ^ 3 10 

>©^«^£3 0-6 0JS^f%i UCtiTOifi. 
Si*ll IBtS© h->M(i+l>-7 r 7X^-/7> 

0*-> 'J 3 >©M^%©lt^#. &J5 : ~>y n > = 1 : 
1. 5-19. Or&SCi^StiT&lit^lXW: 

X. 

?g. l£*;¥jgjSJ!££ 3 8 0 ■CVJ.±.xm!limZi7 7CtZ 

mkt-ti>^-y \-->mm^>7 v vx?yt7>?© 

©^-•7 h-^Mfitlv'^ r-7X?yy>:7©SSi*;fr 

Sc. 30 
[IMWS6] Huia^H* 5 , *';-/f i >, y;U3~y 

a, ^ty^A, .=-:*y. £>*;k £>yx 

fta»(c!Bi8<£>^-7 rvxyy-7>^ 

m-fitex-b^x. 

mf2SIIB*«-h«:BEliei&^ 4 «Si£4>Si < i 4> 1 40 

^a©»j^©^mrfaictew€>^ffiig^ba* 3 o . 5y 

h -7 x # y 7 > f (Dnwo&o 
[lisj^i 8 ] fi*Ji i — 7 ©t^n*Hcfat£©Mjt* 
■mc£r,xmm2titcctzmmt?z-7Zi>7-?y 

f. 

SiSJgSr ^'2 - - > & C £ Cc J: V §£g 3 £ t £ 



m. mt^ffiMMO^Z-ls* 1 5 0 'CJWififeiQffl* 

[IfJjoa 1 2 ] ii*li9X«if*S 1 1 KiBiScDv* 
[0 0 0 1 ] 

[jStgLt©*<Jffl#I» #1693 «. -v'Xi'^jSm-raS* 

tLx<DmB~y7 \--?z-?7'^>i>itfflo. wk. ^- 

r->M©<i*B^y f--7X*cD$5lji*^iCM 
[0 00 2] 

[fie*©sas] aff . 7 * b ') v 7 -f -kb^s n 
mm&ittcttx[mmM®f£zfa±-xztj:^ c tarn ?> 

frKZtltc (^fJSemi conductor Vtorld 1990.12, tSffl 

mmmQ ommi 1 ^-^ ( 1 9 9 1 ) m . 
[0003] c©ct ^ &«zar. ycffi«©7 * h >; y y 

ftfer^s. fits^y r u y ^7 ^ -11, yt^mtte 
gmzMZ.-?, 7X?KW©^gt*'jy^77^-o 

m^mmLxmm^mmm<>c\ti±x zzjzvicbtcb 

i?rfit :; fi'^"'2>'7^i''C* ( 3 - b-<>y> (Levenson) 

©Sif -{7 - ^D6htl,>l.. C*i6©fiitB> / y Y-?z< 
?(J, 7t§S)S1*«L-*^0fet-^*©y * b TXfK.lt 

[0004] cofittai'y h7^« co— -^t ur. 1^ 

*9>S^-y t-->^{4 ; tBi-'y r vxj'iffcSnStiMBi' 
CiKttSOT. ffi7£K^'i">i<51 ; B~>y r^^- 
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B "C * i> £ l» -5 <ffl& * W O T t,> •£> o 
[0 0 0 5 ] ^-y h->M©(4tB->7 h?X>B, 0 

s*j8»gp (awsffiasmas) 2 o o t. mmmmit 

j£{±fB->7 £SS) 3 0 OiTflKSL (15)0 (a) ) . #> 

-r-sciccjc^r (is) a (b) ) . ^j8jasi5£*Sja 

SB £ ©«#8fcSfl$£ L HSt^SUc iotaixcfflf 
©fcS^CUl 0 ^/c*A s ElHCfT^^ 0* "5 cfc 5 ft h . 

(o) ) . 

[0 0 0 6] <bC3T_B$l/}fc-"-7 h->M©{ifl^ 

[0 0 0 7] fit, CWg^Sft&SjS&tf^l© 

BSAtt^KWKI*^ otl>5 (^H¥6 - 3 3 2 1 5 2 

'J y f^te i'©^)!?. ^U3>, R!>'g8g££fc&tttlS 
fyf|£^£1&ea>6&£ftlKT«l£U/cfc©r*^ H 

■>'j3>^»g (MoSi o^w*4£Bg-r) . 
ma, s?3g. £3R. * , ;^7 : >aD ; -> i J=3>i&^tf!t?5g 

(Mo S i ON&tm£BS-T) 30 

[0008] cntcj;n«. Kss^wa. xititii 

S©Ml*lft -S C £ tc J: 0 3jfi^«:*iJtai-r •& C £ 

*sr#. »^©Jist?{it@^7 i-s*swes 
raa^itusor. fSMXfi^ffius{t-r#i>££4> 

tc, ^-©x^?>y«®M?rfflC^C£^-c*-5.©-f, 

mtt^©^tt%fr±3tf^##SjssB£^&feti->7 40 

(#l*f&2 9 6 6 3 6 9-*t£tfR) = C©<4tB->? I-7X 

Sa f ^*^c*«fSS^£T-5^^6^?>»Ji 

\tmM. ^'i^S^'^y^tJifi (MoS i 
N^«*4£BS-T) 
[0 0 0 9 ] 

fcg£3fc©Mo S i h->S(itS->7 5C 
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^©JSW^w^lttcfe^r. {itBftRt>*ig«^©i365 
«, $)&gJg©^WS£jS!KT£C£(tJ:oTm\ -e 

B % 6 % ir ^/caft (c . BfM©j8iS* £f# & fc#> © © 

^t#T£ft*14©ffir^©#©i«^£it^T£-?-t 
■SBI&fttii: (WKtt. WT^rt'Jtt) Cco^rfc, 

->©Sl*fflSnX* 5 3 eOtit/vT ^Ztcth. 3£¥SjMi© 

-r l &timm<DW**\ftWfct)<nwkim htxta ^ £ i> ^ w 

[0010] ^WB±^0/cMS.^tC*»^*-rifeS 

n/d^©T-$)^ , ^©fic+aftso'sa^^rWL. 
aw£-r-&. 

[0 0 1 1 ] 

[tSffi£JSi£-r£;fcs!>©3M9] ±IBaW ; &il)iS'rS/c* 

[0012] (#fix i ) awasuitc. 7fe¥^«fli?: 

MMf^Mb/ct, ig^^jlii^?: 1 5 (TCfcU: 
r^S!iffl^^ J 5c:£*4#a!t£-r*^-'7 l-->M{4ffi'> 

[0013] (fltfiS2 ) fl9IB5t*38jfi)S©fltfiSS^t 
3>©^W^5:3 0-6 OlWilfcCi* 

#a£-r-2>*gi?ufBt&©^--'7 h->^{ita^-7 i-v^ 

[0014] (ffitfZ 3 ) BiflB3£¥iIjaJlI©*S>#;^-C 
^-S^JS^D-'^ V 3 >©jlT-%©hb^*i, &m : > r J ^ 
>= 1 : 1. 5-1 9. 0T*£C ££#$!( £TT&1f»S 

d7©S{jS^fto 

[0015] («RS4 ) gBgSfchiC, ^¥SiaM€: 
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5 

mi&m*Bf$.Ltc&, wjt^mmmz 3 8 0 -cu±-cm 
[0017] («)S6 > msz&m-bK * v v> 

X«— ® «±©:&IS r & & C £ £ IT £ WIS 1 ~ 5 

[0 0 18] («tfi£7) jgB8gffi_Wc;<*->4^l£ 

£*tr£«ll£4>&< it 1 SlSfr— ®X«^B©«® 
£%mbtc&, fuiB— JiX«£)i©9JM©»&Mi?ut£&cte 
tfS^ffig^bittf'O . 5 iumfctTtttS<fc 5Cc8ft*!!JI 

[00 19] (lfl&8) ^i~7©^-rn^{ciati4 
©3K®#ffiKJ:or$Sjg3ftfcc££if8fc£TS-7** 

[0 0 2 0] (#tJ$9) #SS8iCiat!c©vXi7^-7> 
* cc *s tf & Sii * >■< £ - - > 9-$ i> C £ ic <J: i) Kit s n 

[0 0 2 1 ] (fltfiSlO) IWlfiiK. 
^3tifc7E^M®M©^-^->*W-r-5^-7 f-->§s 

eta ->7h-7x? ©sm* a-c * -3 -c. ntf a j§i««s± 30 

[0 02 2 ] 11) M10 CC|B®©SSji^fi6 

[0 02 3 ] (Ml 2) fl»fS9 5Z.«*fiSl HCIBtS 
© v X % ffl t, > T f - > 5: t T 3 C £ * #S £ f 3 

[0 02 4 ] 40 
[fpffi] **?B©<4+B->7 I- -7 X*:/ 5 

a, ttriE^a^±tc, ^aM^'^y^c 

fg, C©:&¥jtMi©$^S£tT5C£-C\ #*jSiMi 
©it*a a a tt©rS]±. R^K^SIt3«tt©ft±. MM 

[0025] «t. ^mizftMicmw? z>. 
[0026] (&m 1 ) -ci*. ^-^ h->Mi 
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mmtrzigmz'-pte < £ & 1 n#^*SKrfiifSors> 

-2.. C©<£ 5CC^£^g&^»MT^*jtjB§fS£«^ 

jfts^^-fb-rs* 5 . cn^w-cti+^itssx^c^ 

c r . ±iB©:**jtMIX«3fc¥jS$^£^f£ b 

150 ■c&.^-ei&HDM&TS. m^mmm* 1 5 0 

°CJ:<5&{gO£. iB^D a a tt©r^±. SO'rtSBiS^^ffi-M 

0 0"C«L S6KjffSL<K2 5 0-CJW±-C*f3. 3 
0 0 -Ml, 3 5 0 Wlh, 3 8 0 °CtLL# J: 0 «P£ L- 

u. bp^, i&&£fls< -rnraWK -rs«£\ wi^ttt* 

ft±U rtSMtoWiiSjSSttSa*. j8jft#©^bSfc*i 

flirr*. Sf-^r, gift©jg«^^bKj£D-c&&fflfiS 
^tJciWSH 1 . */c. W^ D 0 a i4©rS]±RO-' 

tefflKJ:&j8j®^©^b*£mi^fclS8&l+£tTi-\ 8ft 

SftacCcfc <3 BlTS©3Sa¥&Ct'*3fM©H^D a att<!:l*3gPt&^ 

lfl£-r£t§£. 3 8 0 Afttfit&SfilitrCCJt'* 
¥ffiS^^bB-C0. 3/jm«±ait5Ci«^, 5 
5 0 •Ctt±r*n«S»*!iaiafr«Ctt'^ 0 . 6 a mUhSt 

ss©_h#Ro'TP*©BfM* s s< teztctb. gzm&wm 
{b-rsit^Mii* 1 **. ^©/c*, MiisaB7 o 

tfi, ^aic^^jgJi^wffl^^bLrL*^^ 
wat«±«c**a3iR*JKfiS0A:a (^^>f©t^) 

(-7Xi7©l^g) -Ctfo-CfcJ:^^ flL. giS[ffl^"*-> 
€riSST?l»ffiffllT-&£. ^^-^Jf^A^-fbU-CL* "5 
=B*a*i*-S. fc*s. ^^^^©tt^rtf^CiicJ:^, 
Z<D&<DUl/Zh<D'<--t>JM (20 0'C«T, tW*tf 
ftl80'C) «: *sl-t -S. (glff ^S&^rWSlJ-r -S 3»m *> * 2> . 

^SS«fc t> 2 0 0 -c«±) f^Mii 

T4Ci*i!ifS:Ll>. ^*>". ^illjfiJSi L-CB. #11 
»jg©fc©^. 0flx«g;j23l^@£ilSjSM^)l<t*2ll 

cfc^ic^it^nfc^B^ji©^©*^*^-?.. *ai«jt 
©ti^. ^n«j§*©^^ < £ i ®* 5 . iMO'/X 

[0 02 7 ] SE/c. (f6BJ2) Ttt. IMSSU 8 / 
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yy^i>, Xtt^'f ->£0f&^&fci6©iSat*W-f •£> 
S i N. Si ON. SiOJiivl-'J^XiLtMl" 

^■cc^nxL/S^. ^©fc«>, fiSig©strmcc*si>-r. 10 

[S^Bfe^^UfflW U"<;U£ 3 8 0 -CW±tC^*a 

s-r s c £ (c j; xft&fctKo&mzm &©-?$> 

S„ &to. ^S3iMiL.-Ctt, mdlti*©^©^, ffl 

*. mass^n i isss^e £ * 2 bxw * nti-hsris 
Lfitaft RvrnM^wmmoim £ & £ j: ^ Gctatt s n/c 

$*<D'pt£ < £ & 1 Jf IMO'/XHii- 'J 

«\ ®#J1 (i-PAXW^dACC^I. 

^tf ?PA{k^Bj. ^offiCi'nAft^Sf) RU'^- 

y b-^mm^>y b-??.-? (&mt^4mtWMRv 

0. 5<xmJi(T. *?$1,<W:0. 3 <x m«T£-f *C £ 

if=>y -i -t,cmi^itm(omm&it. m^tmm<D\y^^: 30 

©fl5NA<b7Wt//CI<>-2>#. S^g©U>X©iSNA 
<k £ M*i£fi©5IS«f BST & MtfcK * 4 fc «>. 8o£JB 
K^iSffi-rS/t&Jc::? * F ^©JSl^HK^g*:? 
tiXteK). ^.mmcXi>y * hvXi'«C©<):^j:S* 
^itffiS-tt'Sc £#-e#s„ cct. ¥ffiK^fbfi£ 

f&tctoW Z> mWWR<0¥-WB@£it&v*> D , S«©SSI5 

Si* 6 ©SiS^ £ Sffi to W S H 2 ©M-CSST 5 . 
C©i*^, ^4.4t^*fSM*i*©iS5E^J;f5»8i*E 40 

3 8 0 °cu±-em®m£tf *) c t ic <fc k> . man: 

MBViCtt^W-i&m^.ilS.'C o . 3 u mHiatt & C £ 

[0 02 8 ] ^ISWCtei^T, 7fe*SMJiXB*^SM 
SI5?:18fiS-r-2.^)l£b-Ctt, yjt-ra--? 



£#r*££<^5*cctet,>-c®;ft-ct,>3„ 

U ^r>££<{K/d4:»£J$-?-Ci,>£*5. x^'v * U > 
^©jRmilfttCctei-^-c^ u ^'■f >J; 

jsccsstr&w^^csn-ci,^^. ^-y^hggmcto 
i, 7 , 7 i >cc^^'rto i 3 . *>-3 

[0 02 9] ^MjgJgXti^^MjSa^^fiS-r-SWW 

©ifs^w^s«lt*t'c* , 3— cn». W^- 

«, ^ 'J ^fyRO'V 'J 3 >©®tf-CB, SiN, M 
oS iN, Mo N^£^*iKH^UTteO. #*6^{b 

©tb^K-3i»rtaiS^iSi(cfi£^J:b^M> k j:S^©/c& 

[0 0 3 0 ] 3t^aja)8X«^*ajfta5Ktt. 

a5£bt©^ ; &ift^to^^^H"c. u^tvx, m. 

u+f-^FoSfb^, ?#>->u+J-'i' K©^-fb^9, a-st^ 
B, cn6©^©-«W±£^by-f^Rt>'/XB^ 
Jl^'fb^5£©S^' f cC£'£ft;?tv^®fe 1 Tfe^iSiaM 
X«*^MMg|5^1f/S-rs ! ©®£bt:^ti' 0 Sfc. 
ira, puitii. ^-fb* >; y^y-y <j -v-i k (Mos i 

N) , ^bf V^Jl/VJIf-r h* (Ta SiN). ^{b* 

>i'xf>-> i ;t-f f (w siN). &{k?#>i"j-y- 
f (t i s i n) ^©se*— M^^tasnr^s©) 

[0031] **2jagPB, gg^Tfc^^swicifi^-ri. 
[0032] c<if>©«o(iiB. v^i7ffira^F©as3fe 

^^^'^©iSfi^FE^TM^-S/cs?). ffiffl-rs^** 
i!SS:C>"*©ifi«CC^lSU-C. ^©ffiSrtath IRTS^' 
S*i*>S„ S**i!SS:D''^-©iSS£b'rii. * 
JR5>7'© i S (iSSX = 3 6 5 nm) . 7K^7>7'© 
gi^ (iSSA = 4 3 6 nm) . K r Fx+J/vU-f- 
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(ifcfiA = 24 8nm) , A r Fit^b- tf- 
IA = 193nm) , F,i*->vP-"tf- (iSSA = 
1 5 7 nm) ^ri^lf^tiS. 

[0033] ft¥mm$K>m^y hs«. ^j&iSB 

>^W* (M^%) , #H^«^ ) tetter 

[0034] mUi^y hit**, STt^OSfi* A, tIg 
¥S ^©/SAt^ niT4i. *¥itjES|5©)&J* d » 10 

#©:£ ( l ) -ci&c-e*&„ 

d= (*/36 0) x [A/(n-D ] (D 

St ( 1 ) {cteWS{itS~>7 180' T*5C 

16 0" -20 0° flg-CA^T 

[0035] K^mmffliD&yeytt.czi-rzytm&m m 

uyxh©USKfeJ;W — g2W(cB2 ~2 0%fgg[ 

*L,<. Sfc. *~;l^©A£->©it^«iSiPP#llS 
[0 0 3 6 ] ^jliia^tl 

[0037] c©p£, ^mcoB-cimmmRcfmB^y 
v m ^(DM^ti^^MM^u^m^cmSi s -a- s c t 

■So 

[0 0 3 8] HWlfU*, -v^SfjeillKte 
[0 0 3 9] fiKBlB#©SSi4^v^ ^DIDSf©? 

9>««) icit&M mitm) ifimii.i&mifitt'&t- 

[0 04 0] HJfr^*5Jt©Wiai< . {itB^SlE 
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T&Cittkfe^A,. -7X*^$->©KM#>hS < * 

[0041] ttc. ^kwmtcox. v^vmw&v 

[0042] ^JESfffB. ±lfi©S4i.^>P>. tIc^jSM 

tt^&i^-rs. COBS. 7t^jSjSa5©^S* 3 ^— ^ 
S©isa$ (3IHJ1) CcteW 8feHM<l=-*>3SS1?i: 

[0 04 3] *^-C«, 3£¥jSjSMX«:fc*33jSSi5£ 

•£.^®^6^cSail5i*©^U3>©#W^ ; 5:3 0~6 0 

13§?£#;t S„ ~> V 3 >©^W^* 5 3 0 MT-%*i®-c* 

is^a^i©x >?->i / jswtt* ;i <aTT-5„ c©n 

i>P >> ^g^XDM^tt. 4 0 — 5 0M^-%£-f& 
[0044] ^Wt?«> ^aiflKXK^SaSP* 

■sttfta* 6 ft •6»si c i :] ©#)iRo'>"; 3 >©MT-%©tb 

l£#s, £13 : >") =>> = 1 : 1 . 5-19. 0it5C 
mi. 5*»t?*4<bBBWt*s]K<a9 > 19. 0*M 

jL*ta5Ct* s ^<&-5. c©s*>6. iiM^^ 

>©tt$B, : ->'J3>= 1 : 2 . 0-12. Oi 
[0 04 5] ^WCB. 7fe¥SMMX«^¥SjSa5* 
^^K* 1 6 SiSK*©^©^^* 3 0-6 0 

&„ ^S©^W^3 0MT-%*S-C*2>i^ja**S 
- f-*^4g^3S<^S/<:J*CD=3> (-ta-JU*ig|b< ^ 

So 

[004 6] fc*s. )S^B$(Dftm^5£tt ; £Si«L,o-o± 
IE«dE©*il*»'S)t«>K:tt. 7 0 ~ 9 5 m o 1 %©'> 

Y-vXi'y'^yt'Zmig.T&CtdWSl'i'K chtt, 
^r--y. y hcfi©->'j 3>^WI*<9 5 mo l 
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9K<<&5) tctb. M* ! T^£t^9, mom 
o 1 %£'0'pt£^t. m^M^O^MM^mf&T 

©:*^j!ljSg|W> 5 f#e>ft-2>. A r Fi+^vu-1f-ffl© 

V^i? h tp<Dis ') 3 >#Wfi 

B. 8 8-9 5mo Si :M 

o = 88 : 12—95 : 5«H< . Si : Mo = 9 
2 : 8ftjtfa*J:t)$?* 7fe¥j2jtM(c^HR!>'-> 'J 
:n><bMSB&tflSRa*#*n ^jg£^©1=f 
f+fi£5 0-7 0JS^%£-r-2>C£#SfS 5 0M 

ioo±K. iie^EfflijS^wr-STfe^jgMMs o o a 

[0 048 ] * fc. ##fe?HK:tt. ±f2©<fc "5 1 tC 

sag €^ $ % i jh#> e. & €,#@^itcD7t^s«ii^ . 

(5$ 1 ) Tx(l-R)xexp 

t : mictii&tetott z>& B M%fa<DmMm, 

(extinction coefficient) , 

d : gftjfcgtcteWSfttBft* 18 0° &Ct,)fct§£©Jg 
J¥. 

d% A/2/ (n- 1 ) . 
A : ggftjgg, 

(5£2) k ; >k a 

5£2 icteW-S#^St©rt^fiiJi<T©ffl l Cl-C*-5> 0 

ft. 

[0 05 2] ±a5L/c<4+§->7 h 7X^SW©MS 
[0053] Sfc, ^•$->JfJtdcWffl (^'*->-> 
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* m&Mmm £ * 2 isx«-e- tiw±s® o/c^jtts^©* 

#*&i>ttf4*>e.&s©*>©*\ ®s£&j>'/x«^38. 
©<£>■£>. tsso'/XBii. a^'J3>?:ffc^ 

[0 04 9] 2Jit»j§©:£^j8jfi|git^t,>Tj:9§*b< 

ftwrzt* yt*mM%te 2 n«±©«ir«^-r s *§ ■=? 

[ 0 0 5 0 ] ccr, SSj8®*»£LTfflt,>6;h,&jgHJi 
tt£ •M*ft©*^ ! l$i4 iLt, TIBiS 1 ©<t "5 &^ 

20 fet>r^fr< £fc3%w±©jgj^*«^&c££ai/ 

(-47tk 1 d/A ) >0. 0 3 
[0054] 

[HSfeW tTF. ^ffi0fltc&£^#;fcf£SS*S<=>K:i**ffl 

[0 0 5 5] ^M')l-6 
30 ■7'9>»©SB§ 

-ffy (Mo ) i->'; 3> (Si) £©jg££-y 

■^h(Mo:Si=8:92mol%) ZM^K 

> (A r ) iS^ ( Nj ) £©*g£-#X#B$i (A r : 

N, = 1 0% : 9 0%. EEt) ■ 0. 2Pa)t, JgtS14 

s±cc^b$nfc*'j ^7 ; >s.ii>*->y 3> (MoSi 

N) ©WIS (H«tt6 7 0 xho-A) Zmf&LX. A 
r Fx+->vl/--!f- (i&fil 9 3nm) ffl{i*|->-7 h 

-7^^y7>^*f#/c mmw\. 2,3). * 

40 U^f ; > (Mo ) i (Si) i©i^*-y? 
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